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Combining the respective theoretical advantages of both option pricing 
theory and game theory, option game approach focuses on analyzing the 
dynamic multi-person decision making problems in continuous time and under 
uncertainty. In essence, this approach uses the option pricing technique to 
determine the value of players’ payoffs related to contingent claims, and to solve 
the dynamic game in the sequence of players’ moves. Option game approach 
replace the maximization of expected utility encountered in classic game theory 
models with the maximization of the value of an option, which gives the 
arbitrage-free value of the payoffs to the player and can therefore be considered 
as a proxy for expected utility. Over the expected-utility approach, the 
option-pricing approach has the advantages that it automatically takes the time 
value of money and the price of risk into account. This approach is very useful in 
the analysis in that complex decision problems under uncertainty can be solved 
by applying classical optimization procedures (minimization and maximization) 
to the value of the option. The analysis then often boils down to finding a 
first-order condition for a maximum or minimum. 
     At the moment, in financial decision literature virtually no attempt has 
been made to integrate game theory aspects, i.e. strategic financial decision of the 
agents, into the continuous time framework. In this master’s dissertation, the 
author attempts to apply the option game analysis framework to the study of 
commercial bank, this is mostly because bank products and many bank decision 
making problems are characteristic of “contingents claims” more or less. At the 
same time, commercial bank is full of risk and uncertainty, which provides the 
opportunity of application of option game theory based on framework of 
continuous-time finance to bank field. Using such method, this dissertation 
focuses on the analyses of commercial bank lending’s pricing. This article is 
organized as follows: 














the second chapter, we combine the pricing of Option with Game theory, and we 
discuss the Game Theory Analysis of Options. Then we give some examples to 
show how to apply Game Theory Analysis of Options into practice. In the third 
chapter, we firstly introduce the development of Commercial Bank Lending’s 
Pricing, then we try to price Commercial Bank Lending by Game Theory 
Analysis of Options under the assumption that the firm will run forever. In the 
fourth chapter, we generalize the model discussed in the third chapter, with the 
assumption that the firm will run in a finite time. In the fifth chapter, we carry 
out quantitative analysis toward the model, in order to make it meaningful. 





















































权的多头、3 买入期权的空头、4 卖出期权的空头。 
设期权合约依赖的标的资产的价格为 tS ，在 (0 )t t T≤ ≤ 时签合约，T为合约
到期日，执行价为K，则欧式期权在到期日合约多头的收益（支付）函数为：
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(0 )t t T≤ ≤ 时签合约，T为合约到期日，则美式期权的收益函数
max{ ( ),0}Tt TC S Kτ τ ω≤ ≤= − ，其中 { 1,1}ω ∈ − ， 1ω = 对应于买入（看涨）期权，
1ω = − 对应于卖出（看跌）期权。 
 
§2.Black-scholes 期权定价模型假设 
期权定价方面 经典文献之一是 Black 和Scholes 于1973 年在Journal of 
Political Economy 上发表的题为“The Pricing of Options and Corporate Liablities” 
一文。该文提出了我们现在熟知的著名的B-S 期权定价公式。同年，Merton 发 
表了“Theory of Rational Option Pricing ”,在若干方面做了重要推广，使期权定价 
理论取得了突破性的进展。因此，B-S 又被称为B-S-M 模型。在B-S-M 模型的 
一系列的假设下，可以推导出期权价格变化的随机微分方程，即期权价值方程（又 
称B-S 方程）。由于它与物理学中的热传导过程的微分方程的形式类似，而后者 
的解已由物理学家给出。因此，Black 和Scholes 很快就找到了上述方程的解析 
解。我们首先看看模型的假设条件。 
Black-scholes 期权定价模型的七个假设条件如下： 
（1） 期权标的资产为风险资产（在Black-scholes 期权定价模型中为股票） 
当前时刻市场价格为 tS 。 tS  遵循几何布朗运动，即 t t t t tdS S d S dzμ σ= +  
其中： tdS 为股票价格瞬时变化值； td 为极短瞬间的时间变化值； tdz 为均值为零，
方差为 td 的无穷小的随机变化值（ t tdz dε= ，称为标准布朗运动，ε  代表从标
准正态分布中取的一个随机值）；μ 为股票价格在单位时间内的期望收益率（以
连续复利表示）；σ 则是股票价格的波动率，即证券收益率在单位时间内的标准
































假设在时刻t的资产价格 tS 的变化遵循几何布朗运动 
t t t t tdS S d S dzμ σ= +                                     （1.1.1） 
其中：μ 是期望收益率即漂移率，σ 是波动率， tdz 是标准Wiener过程。μ
和 σ 都假定是常数。 
构造一个包含一单位欧式买入期权的空头和Δ单位标的资产多头的组合，
该组合的价值用π 表示： 
tc Sπ = − + Δ •                                         （1.1.2） 
这里 ( , )tc c S t= 表示买入期权价格，买入期权价格是资产价格 tS 和时间t的函
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保值组合将获得无风险的套利收益。令 d r dtπ π= 我们有 
2 2
2
2( ) ( )2 t tt t
c c cd S dt r dt r c S dt
t S S
σπ π∂ ∂ ∂= − − = = − +
∂ ∂ ∂




2 02 t tt t
c c cS rS rc
t S S
σ∂ ∂ ∂+ + − =
∂ ∂ ∂
                             （1.1.6） 
公式（1.1.6）就是Black-Scholes 的偏微分方程式。解出（1.1.6）的答案 ( , )tc S t
即是衍生产品的定价模型。但（1.1.6）只有在设定某一边界条件（Boundary 
Conditions）下，才有唯一的解答。边界条件代表衍生产品在到期时的现金流量
（ the Final Payoff ）。就欧式买权而言， 其到期现金流量为 max( ,0)T Tc S K= − ,
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该模型的主要魅力在于其公式中除波动率σ 之外，其他都是“可观测”的变量。
由看涨－看跌平价关系: 
( )r T t
tc p S Ke
− −− = −                                          （1.1.8） 
可以得到欧式看跌期权的定价公式： 
( )
2 1( ) ( )
r T t
t tp Ke N d S N d
− −= − − −                                （1.1.9） 
    对于资产以常数比例支付连续红利时的欧式买入期权价格公式，只需对公式
做简单的修正即可。用q表示连续的红利率，即持有者在区间 dt 内收到的红利为




dS q dt dz
S
μ σ= − +                                        （1.1.10） 
由上面方程可以得到，标的资产 tS 以比率q分红时的欧式买入期权与不分红的资
产价格为 ( )q T ttS e
− − 的欧式买入期权的价格相同。因此以比率q分红的欧式买入期
权的价格公式为 
( ) ( )
1 2( ) ( )
q T t r T t
t tc S e N d Ke N d
∧ ∧




ln ( )( )
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tS r q T t





∧ ∧ ∧+ − + −
= = − −
−
                  （1.1.12） 
对应的欧式卖出期权的价格公式为： 
( ) ( )
2 1( ) ( )
r T t q T t
t tp Ke N d S e N d
∧ ∧
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（纳什，1950，1951），子博弈精炼纳什均衡(sub-game perfect Nash equilibrium)
（泽尔腾，1965），贝叶斯纳什均衡(Bayesian Nash equilibrium)（海萨尼，1967
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